Abstract
Conclusions
The class I obese showed the best HRQL, especially in the mental domain. The worst HRQL was found in the underweight. The class II obese reduced HRQL in the physical functioning only. "Obesity paradox" was more obvious in the participants with chronic conditions.
Background
Overweight and obesity have reached epidemic proportions throughout the world [1] [2] [3] [4] . In China, 21.8 percent of adults are overweight or obese [5] . As a major contributor to a variety of chronic diseases [6] [7] [8] [9] , obesity has become one of the important global public health issues.
The association between obesity and a poorer health-related quality of life (HRQL) has been exploredpreviously. Kortt [10] conducted a study to investigate the correlation between HRQL and BMI in a representative sample of the Australian's general population and found that BMI was negatively associated with the SF-6D questionnaire score. Another research conducted by Jia [11] showed that HRQL decreased with increasing levels of obesity. Compared with normal weight respondents, persons with severe obesity had significantly lower scores on the PCS-12, MCS-12, EQ-5D index, and EQ VAS, at 4.0, 1.1, 0.073, and 4.8 points lower, respectively. Persons with moderate obesity or who are overweight also had significantly poorer HRQL. McDonough et al. [12] provided further evidence for the association between increasing BMI and poorer HRQL in a mixed population of white European (WE) and South Asian (SA) ethnicity, whilst suggested that SA ethnicity modify this relationship. Oreopoulos [13] reported that BMI was inversely associated with the physical function and overall HRQL in coronary artery disease (CAD) patients, especially those with severe obesity.
However, some data hasaccumulated suggesting survival benefit or improved HRQL in elderly or patients with existing chronic diseases who are overweight and moderately obese [14] [15] [16] [17] [18] [19] , especially in the mental domain quality of life [20] [21] [22] [23] [24] . Some research presented underweight associated with poorer HRQL [25, 26] . We had previously proved that, to the middle-aged and the old, higher BMI was associated with better mental HRQL, while the physical and mental components of the HRQL were poorer in the population that was underweight [27] .
There was no consistent recognition of the association between high or low body mass index and health related quality of life. Thus, the objective of this research was 1) to study the association between BMI and HRQL in the general adult population in Chinese after adjusting for potential confounders, and 2) to further explore the stability of that association between BMI and HRQL subgroup by status of chronic conditions. students and subjects were drawn out from each community, college and health examination center by systemic sampling. Quality control of the program was incorporated into the design, implementation and the data processing under the organization and supervision of the Beijing University of Chinese Medicine. All the study subjects signed a written informed consent. It was supported by the National Program on Key Basic Research Project of China (973 Program) in 2005, which was organized by the Ministry of Science and Technology of the People's Republic of China.
Information of participants was collected by responding to standard questionnaire including gender, age, marital status, educational level, exercise habit, use of tobacco and alcohol, districts of residence, chronic conditions, weight, height, and HRQL. The chronic diseases included hypertension, hyperlipidemia, diabetes, cerebral apoplexy, cardiopathy (myocardial infarction, coronary artery disease), hepatopathy (fatty liver, alcoholic hepatitis, hepatocirrhosis), gastric ulcer, Cancer, osteoporosis, bronchial asthma, which were collected from the selfreported results by respondents.110 individuals (0.5 percent) with missing values distributed in the value of educational level, use of tobacco and alcohol, exercise habit and chronic conditions. The imputation model was supplied to handle the missing values, and 21,218 cases were included in this study after excluding persons under 18 years of age.
Measurement of HRQL
HRQL was measured using Chinese version 1.0 of the SF-36 Health Survey [28] developed in 1997. The SF-36 [29, 30] is made up of 36 questions that correspond to eight dimensions, including physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), and role emotional(RE) and mental health (MH). All dimensions can be further classified into the physical domain (PF, RP, BP, and GH) and the mental domain (VT, SF, RE and MH). The score scale for each category assigns scores from 0 to 100, with 100 representing the best health status while0 representing the worst. The SF-36 scores can also be expressed as two summary measures, the physical component summary (PCS) and the mental component summary (MCS), which provides a measure of the overall effect of physical and mental impairment.
Categorization of BMI
In this study, the data of weight and height was self-reported by the participants. 
Analysis of the Data
We have previously proved that age, gender, marital status, educational level, exercise habit, BMI and chronic diseases were the main predictive factors of HRQL in general population of China [32] . The use of tobacco [33, 34] , alcohol [35, 36] or socio-economic condition [37, 38] were associated factors on HRQL. Therefore, standard least squares regression (adjusted for gender, age, marital status, educational level, exercise habit, use of tobacco and alcohol, districts of residence, chronic conditions and BMI-chronic condition interaction) was used to estimate the independent impact of each BMI category on overall HRQL. We also verified that chronic disease was one of the first two predictive factors in HRQL [32] . Thus, the stratified model was run subgroup by chronic conditions to further explore the stability of that association.
Some studies have suggested that a difference of 3 to 5 points may be regarded as a minimum clinically important difference (MCID) [39, 40] . In this study, we used Bonferonni correction for multiple comparisons and interpreted the results based on statistical significance (P<0.05 Ã (1/4) = 0.0125%0.01) as well as MCID defined as 3 points. All the statistical analyses were performed using JMP 10.0 (SAS Institute Inc.).
Results

Characteristics of the Subjects
The mean age of the 21,218 participants was 35.4 (SD 14.7) years, ranged from 18 to 92 years, 46.8% were male, 58.2% were married, 55.4%were college or above education level, and 27.5% had at least one chronic disease. Categorized by BMI, the proportions of the subjects were 11.4%, 55.8%, 17.1%, 14.5%, and 1.3% for the underweight, normal weight, overweight, class I obese and class II obese. The characteristics of the participants did not equally distribute among the BMI categories (P<0.001). For example, higher proportions of overweight and obesity were found in older males and people who had primary or below educational level, use of tobacco and alcohol, and one chronic disease. (Table 1) .
Correlation between BMI and HRQL
Overall, the results showed the mean scores of HRQL increased with increasing body mass from the underweight to the class I obese in both the physical and the mental component summary. Compared to the normal weight group, the class I obese had significantly higher scores in the mental component summary (MCS) (75.1 vs. 73.4, P<0.001). In contrast, the underweight group had the lowest scores in both the physical component summary (75.4vs. 77.5, P<0.001) and the mental component summary (71.8 vs. 73.4, P<0.001).
For eight dimensions, compared to the normal weight, the class I obese had significantly higher scores in the role-physical, general health, vitality, social functioning, role-emotional and mental health dimensions, whilst the class II obese had significantly lower scores in the physical functioning dimension with more than 3-point difference. The underweight had significantly lower scores in six dimensions (except physical functioning and role-emotional) and there was more than 3 points in the general health dimension. The overweight had the similar scores with normal weight in eight dimensions (Table 2 ). There was a small but discernible pattern of correlation between BMI and HRQL.
Correlation of BMI and HRQL Stratified by Status of Chronic Conditions
In the group of healthy, the BMI was associated with increasing scores in both the physical and the mental component summary from the underweight to the class I obese. Compared to the normal weight group, the class I obese had significantly higher scores in the mental component summary (MCS) (77.3 vs. 75.8, P = 0.004), and the underweight group had significantly lower scores in both the physical component summary (79.9 vs. 81.6, P<0.001) and the mental component summary (74.6 vs. 75.8, P = 0.009). In the group of chronic conditions, the SF-36 scores increased with increasing BMI from the underweight to the class I obese in the physical component summary, whilst from the underweight to the class II obese, it was associated with increasing scores in the mental component summary. The underweight had more than 3-point difference and significantly lower scores in both the physical component summary (67.9 vs. 71.8, P<0.001) and mental component summary (67.0 vs. 70.5, P<0.001). This counterintuitive association of BMI and HRQL was similar in the healthy and those with chronic conditions, but it was significant in the participants with chronic conditions. Moreover, in the eight dimensions, compared to the normal weight group, the SF-36scores of the healthy were reduced by 3 points or more in the bodily pain dimension of the class II obese, and in the general health dimension of the underweight group. For subjects with chronic conditions, the SF-36 scores of the class II obese reduced more than 3 points in the physical functioning dimension and increased more than 3 points in the social functioning dimension. HRQL of the underweight group was reduced more than 3 points in most of the dimensions, with a maximum reduction of 5.43points (Table 3) . 
Discussion
The study evaluated the association between BMI and HRQL in Chinese adults. Potential confounders were adjusted including gender, age, marital status, educational level, exercise habit, use of tobacco and alcohol, districts of residence and chronic conditions. Overall, the class I obese had better HRQL in both the physical and the mental domains than the normal weight, especially in the mental well-being. The class II obese mainly had an adverse association in the physical functioning activities such as showering, dressing, and lifting heavy objects, but not all of the difference of SF-36 scores were significant in the physical and the mental dimensions. By contrast, the HRQL scores of the underweight were the lowest in both the physical and the Dunnett test was applied to analyze the difference between groups. *P<0.01. mental component summary. This "obesity-HRQL paradox" phenomenon was more obvious in the participants with chronic conditions.
Generally considered overweight and obesity were negatively associated with worse outcome. Nevertheless, a new review of some research showed that overweight and moderately obese(mainly refers to the class I obese) elderly or patients who were overweight or obese lived longer and responded better to treatment, It's called the "obesity paradox". Recent studies have shown the "obesity paradox" phenomenon still existed between BMI and HRQL. A crosssectional study of 3,605 subjects conducted by López-García [20] to examine the correlation between body weight and HRQL in the population aged 60 and over in Spain found that, compared with normal weight subjects, obesity in fact correlated with higher HRQL on the SF-36 mental scales. Tsai [21] conducted a study to explore the impact of obesity in Taiwanese people, the result indicated that only the physical functioning dimension was significantly negatively associated with obesity, and was limited to class II obese (BMI!30kg/m 2 ). In a recent meta-analysis, Ul-Haq et al. [23] reported that different patterns were observed for the physical and mental HRQL. The physical HRQL significantly reduced in adults according to the degree of obesity. Compared to the normal weight the mental HRQL also reduced in adults with the most severe obesity, and the mild and moderate obesity had no difference in the mental HRQL, while the overweight significantly increased. Further evidence had been provided by Zhu [27] which intended to estimate the association between BMI and HRQL in middle-aged or older Chinese adults, and the observation showed that "obesity paradox" existed in middle-aged and older Chinese adults. Underweight subjects reported poorer HRQL in both the physical and the mental domain, while obese people had poorer physical function but a better mental health condition. Our results were consistent with these previous reports.
Our results also indicated that underweight group had the lowest HRQL scores in the physical and the mental domain, which were consistent with previous studies [26, [41] [42] [43] . However, some studies emphasized the association between obesity and HRQL [10] [11] [12] [13] , and failed to include a comparative analysis of the underweight group relative to other body weight groups [44, 45] . There was substantial percentage of underweight persons [22, 46] in Asian countries, including China. In view of this, the neglected underweight persons need as much attention as obesity.
Strengths and Limitations
Most evidence of the "obesity paradox" presented in previous studies had sparked lively discussions on how to explain this mechanism [47] [48] [49] and what have to do with the correlation between BMI and mortality [16, 17, 19, 50] . The "obesity paradox" may be explained by early detection of diseases and initiation of treatments [51] [52] [53] [54] , greater metabolic reserves [17, 47] , and a mistaken definition of obesity based on the BMI [55] . Ul-Haq et al. [56] explored the "healthy obesity" by using data from a Scotland-wide survey by comparing the HRQL across the BMI category of people in the presence and absence of metabolic comorbidity, and addressed the question that there was a significant interaction with metabolic comorbidity (p = 0.007). The present study has extended the "obesity paradox" to HRQL outcomes in the Chinese adults. Combining with this study, it could be concluded that the class I obese group had the best quality of life with previous studies of HRQL as an independent predictor of death in patients [57] [58] [59] [60] . Our results suggested that HRQL might be the intervening variable between obesity and prognosis. It means that obesity not only affects the prognosis directly but also influences the prognosis indirectly through HRQL. This notion might be a new perspective for the research.
Obese elderly were less likely to suffer from depressive symptoms than those of normal weight; this was confirmed in a study from Hong Kong in China [61] . Our results also supported obesity had better HRQL in the mental component summary. In China, the lifetime prevalence of major depressive disorder (MDD)was 3.5% [62] and the 12-month MDD prevalence was 2% [63] . As our results of "obesity paradox", the research on body mass management of depressive disorder Chinese is very important.
Many chronic diseases are common in south Asians who have a lower BMI. For many Asian populations, additional trigger points for public health action were identified as 23 kg/m 2 or higher, representing increased risk, and 27.5 kg/m 2 or higher, as high risk. We conducted our research using the BMI classification endorsed by the WHO guidelines for the Asian Pacific population so that our results were useful for the situation in Asian. The validity of the BMI as measurement of obesity has been questioned in recent researches on the subject. Litwin [64] suggested that waist-to-height ratio (WHtR) had a stronger gradient of correlation with the incidence of CVD than other indexes (BMI, %BF, WC, WHR). A cross-sectional study by Romero-Corral [55] showed that the accuracy of the BMI in diagnosing obesity was limited, particularly for individuals in the intermediate BMI ranges, men, and older persons. In the intermediate BMI range (25-29.9 kg/m2), this measurement failed to distinguish between %BF and lean mass in either gender. Still, some studies had shown that the Pearson correlation coefficient between the BMI and percentage of body fat (%BF) was as high as 0.7-0.8 [65, 66] in both males and females. A systematic review and meta-analysis of studies that have assessed the use of the BMI to detect body adiposity have shown that the commonly used BMI cutoff values in diagnosing male and female obesity have high specificity [67] . A longitudinal study of 13,155 patients with cardiovascular disease (CVD) conducted by the Department of Human Performance and Sport Sciences at Winston-Salem State University found that the risk for mortality from CVD correlated with BMI, and the researchers also observed a similar pattern for %BF [68] . Therefore, further researches are needed in order to determine the best method for quantifying adiposity. In population studies, the BMI is usually calculated on the basis of self-reported body weight and height. The self-reporting of anthropometrics has been known to be biased resulting in the misclassification of BMI status [69] . However, Dekkers [70] suggested that self-reported BMI was sufficiently accurate to assess the prevalence of overweight/obesity in the middle-aged overweight working population. In this study, we collected self-reported weight and height from the participants and we did not attempt to determine whether self-reporting had any effect on accuracy.
Conclusions
In this large population-based study, we found that the class II obese mainly had an adverse association on physical functioning, such as showering, dressing, and lifting heavy objects. The class I obese had the best HRQL in the physical domain and it also had the highest score in the mental domain. By contrast, the underweight group had the lowest HRQL scores in both the physical domain and the mental domain. This paradoxical association was significant in persons with chronic conditions.
